Introduction
In 1936, Nakamura(1) carried out measurements of Young's modulus E, the temperature coefficient of the modulus e and the thermal expansion coefficient cr for ferromagnetic Ni-Cu alloys by an electromagnet vibration method, and reported that e shows a high positive value 1944, following his work, two of the present authors(2) measured the same alloys by a static method, but the ex- Table 1 Analytical results of Ni and Cu used in perimental results showed no positive values of e except a negative minimum value for compositions near 30% Cu. Such contradictory results may be ascribed primarily to the fundamental difference between the methods of dynamic and static measurements and secondly to the effect of magnetization in Nakamura's measurements due to the use of his specimens as part of the magnetic circuit. Therefore, in order to confirm this point, the present authors have carried out measurements of e in Ni-Cu alloys by using a vibrator-controlled oscillator system(3) free from magnetic field. The experimental results are described in this paper, with the measured data on the thermal expansion of the alloys.
II. Specimens and Experimental Procedure
As the alloying materials, electrolytic Ni and electroly- Fig. 3 shows the change in the ratio (ft/f0)2, proportional to E, with temperature, where ft and f0 are the the figure, with rising temperature, (ft/f0)2 for pure Ni at first decreases linearly, attains a minimum value in
With increasing
Cu addition to Ni, the variation in number of frequencies become lessened gradually and is not observed for the composition of 30.86% Cu near the that there are remarkable differences in the measured data within the ferromagnetic region by investigators. This is probably due to the difference in the purity, shape and crystal grain size of specimens or the measuring method.
The value of e for pure Ni is also found to be -84.0 about 35% Cu. The positive value is then lowered rapidly, changes to a negative sign, and reaches a result is not consistent with the experimental data of Nakamura and also of two of the present authors.
The causes for such inconsistency in the measured data are considered as follows:
In the present study a vibratorcontrolled oscillator system free from applied fields was 800Hz, whereas Nakamura conducted dynamic measurements of E with the electromagnet vibration method using the specimens as part of the magnetic circuit. 
IV. Conclusions
Measurements of Young's modulus and its temperature coefficient, the mean linear coefficient of thermal expansion and the density were carried out for Ni-Cu alloys in the annealed state, with the results summarized as follows:
(1) The mean linear coefficient of thermal expansion tion axis are concave in the ferromagnetic region and convex in the paramagnetic region.
ferromagnetic region and are nearly linear in the paramagnetic region.
(4) The mean temperature coefficient of Young's
